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Welcome to this special issue of the IISE Transactions on Ergonomics and Human Factors.  
This special issue was driven by the arguably self-evident conclusion drawn by both the Human 
Factors and Healthcare Systems Engineering communities:  People are central to healthcare 
systems (HCS) and quality patient care.  Without skilled, knowledgeable, and well-prepared 
professional personnel, the healthcare system will not work, regardless of how sophisticated the 
technology provided is.  Ultimately, healthcare is a sociotechnical system (Carayon et al., 2011), 
and its optimal functioning hinges on the quality of the interaction between the humans and the 
technological aspects (defined broadly) of the system.  Therefore, we assert, the quality of 
human factors within the system will have a critical effect on the people in the HCS and thus the 
system’s safety and effectiveness. 
 
For this introduction, we adopt the International Ergonomics Association’s definition of human 
factors (HF - used synonymously here with ergonomics per the international definition): “the 
scientific discipline concerned with the understanding of interactions among humans and other 
elements of a system, and the profession that applies theory, principles, data and methods to 
design in order to optimize human well-being and overall system performance.” (IEA, 2014).  
We note in particular that the design of any sociotechnical system calls for careful decisions 
affecting the demands placed on human perceptual, cognitive, and motor systems (e.g., 
Helander, 2006).  These systems, and the organisational structures of their implementation, will 
also influence the psychosocial aspects for the human in the system – factors such as control at 
work, co-worker and supervisor support, and effort-reward imbalances affect stress and can 
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contribute to musculoskeletal disorders in personnel (e.g., Moon & Sauter, 1996).  Human 
responses to the demands placed on them by the system, and the consequences of overload of 
any of these systems, will determine both human well-being and system performance.  Human 
Factors, therefore, are a central element to all of engineering design.  It’s unfortunate, however, 
that engineers are not frequently trained to understand the consequences of their design 
choices in terms of HF (Broberg, 1997; Salmon & Read, 2018, Neumann et al., 2006).  It is 
further problematic that the organisation of the design process fosters this gap by relegating HF 
to specialists or consultants who are often separated from the design process by time, location, 
and organisational goals (Neumann & Village, 2012). It is the intent of this special issue to 
contribute to the closing of this gap and to motivate people to do so in their own research and 
HCS design  work. 
 
The SEIPS (Systems Engineering Initiative for Patient Safety) model, originally proposed by 
Pascale Carayon (Carayon et al., 2006) and recently extended (Holden et al., 2013), is probably 
the most widely spread model of the sociotechnical nature of healthcare systems.  This model is 
a useful way to consider how the consequences of HCS design will affect the relevant 
personnel, in better or worse ways, which will in turn affect the quality of care delivered, and 
hence determine patient outcomes, for better or for worse.  In short, poor HF in design is likely 
to have negative consequences on caregivers and compromise patient health (Aiken et al., 
2011; Kieft et al., 2014).  We present a simplified illustration of this argument in Figure 1, which 
highlights that engineers and other decision makers determining healthcare system design have 
a responsibility to meet the needs of the system users – the caregivers and other personnel – if 
they hope to meet the care delivery needs of patients.  As the papers in this special issue 
illustrate, this responsibility goes well beyond mere issues of “usability” that are sometimes 
considered in the design of HCS technologies.   
 
 
When HF aspects are not adequately considered in the design and management of HCS, then 
problems are likely to emerge.  Possible problems include fatigue, injury, and errors caused by 
excess demands to the sensory (poor font sizes), cognitive (complex procedures and control 
panels), and motor (low back loads or excess shoulder loads from materials handling) systems.  
Such problems can emerge in the context of the use of a device or machine, where poor design 
often leads to ineffective or inefficient use, as well as increased use errors (i.e., mistakes) that 
can lead to harm.  In this issue, Milloy et al. (2018) provide an example of a project that 
produced improved HF in the design of a hospital “crash cart”.  Problems related to HF can also 
affect the work environment of personnel, leading to excess workloads that increase injury risks 
for staff.  Research with nurses has shown strong links between poor work environments and 
declines in care quality for patients (Poghosyan et al., 2010; Spence Lasinger, 2001).  In this 
special issue, we include papers that aim to improve the work of nurses in acute care, for 
doctors, for pharmacists, for hospital cleaners, for nurses providing chemotherapy treatments, 
and for inter-professional teams. These are all examples of the wide range of personnel who are 
affected by HF in the design of the HCS – with those effects, in turn, affecting care quality for 
patients.  These papers contribute to the knowledge needed to ensure that HCS personnel have 
good working environments, which supports the delivery of high-quality care.  While the link 
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between HF and quality has been studied in other sectors, such as manufacturing (e.g., Kolus 
et al., 2018), it is in the healthcare sector that problems related to poor work environment can 
prove injurious or fatal for the patient, making the issue particularly acute. 
 
To provide an overview of this special joint issue, we present a summary table (Table 1) 
examining the studies included in the issue.  This summary was created based on the 
theoretical framework given in Figure 1.  We considered the sub-system or context of the study, 
the personnel under study, and the organisational factors considered in the study.  These 
aspects provide insight into the design factors that are under consideration in the study.  
Subsequently, we examined the nature of the HF under study:  the perceptual, cognitive, or 
motor demands of the HCS personnel’s tasks, followed by an assessment of the effects on 
personnel themselves, or effects on patients.  While somewhat subjective, this approach yielded 
an overview of the studies in this special issue, and raised some interesting points about the 
research being conducted in this area.   
 
The astute reader may already be asking, why psychosocial factors are not explicitly included in 
the summary table?  We know that psychosocial factors are important, and indeed are central to 
problematic personnel outcomes such as burnout (Bourbonnais et al., 1998; Hinderer et al., 
2014); a serious problem among nurses and physicians.  The answer is that only one paper in 
this special joint issue, the study of Arsenault-Knudsen et al. (2018),  addressed psychosocial 
aspects directly.  While a product of the design of the work systems (Neumann et al., 2006), 
relatively few engineering journals have dealt with how their designs affect the psychosocial 
environment of employees, nor what effects the design of the psychosocial environment has on 
employee wellbeing and performance.  This area poses a weak-spot in our research knowledge 
in HCS engineering specifically, and in industrial and systems engineering research in general.  
We encourage researchers to address these aspects in their work. 
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This special issue contains 10 papers that reflect the breadth of HF research and applications in 
healthcare systems engineering. The included studies and application projects address a range 
of healthcare workers, including nursing students, physicians, cleaning staff, nurses, pharmacy 
assistants, and pharmacists, across several healthcare contexts (rural settings, acute care 
hospitals, ambulatory clinics, emergency rooms, and hospital pharmacies).  Authors of these 
papers used diverse methods and research approaches (e.g., simulation, observation, quasi-
experimental designs) to develop and contribute new knowledge that increases our 
understanding of and guides recommendations for improvements to the interactions between 
healthcare staff and: 1) tools and technologies (Milloy and Bubric, 2018; and Weiler et al, 2018); 
2) tasks (Doss et al., 2018; Xie et al., 2018; MacDonald and Kier, 2018; and Bargal et al., 2018); 
3) the physical environment (Weiler et al., 2018; and Arsenault-Knudsen et al., 2018); and 4) 
organizational structures (Podtschaske et al., 2018, Arsenault-Knudsen et al, 2018; Bargal et 
al., 2018, Ibrahim Shire et al., 2018).  Importantly, diverse areas of study within human factors 
and ergonomics (perception, cognition, physical ergonomics, organizational ergonomics) are 
considered within these papers and most papers address more than one area. 
 
We now briefly introduce each of the papers in this special issue: 
 
Several studies focused on and engaged nursing professionals.  Doss et al. (2018) 
emphasized physically-demanding aspects of nursing work, specifically patient handling, and 
associated risks for the development of musculoskeletal injuries in nurses. Their multi-modal 
training program (verbal instruction and real-time auditory feedback) aimed at improving patient 
handling techniques in a student nurse population. Their results support the effectiveness of a 
short training protocol on improving trunk kinematics immediately following training. This type of 
program could help in educating future healthcare professionals, to increase safety and reduce 
rates of injury due to patient handling tasks. 
MacDonald and Kier (2018) also assessed physical risk factors for musculoskeletal 
disorders in both chemotherapy nurses and pharmacy assistants. They used observation and 
direct measures (forearm muscle activity and thumb press forces) to monitor hand and syringe 
activities in chemotherapy preparation and administration processes throughout a work shift and 
to assess musculoskeletal risk.  Their results indicated that, although there were differences 
between individual workers and between chemotherapy nurses versus pharmacy assistants, 
syringe and hand tasks contribute to muscular overload and an increased risk for work-related 
musculoskeletal disorders.  Importantly, findings from their study can guide strategies to reduce 
risks, such as training on techniques to reduce muscular load and administrative controls 
related to task sequencing and scheduling breaks.  
 Arsenault-Knudsen et al. (2018) also focused on addressing safety risks related to 
nursing work demands; however, their study aimed to evaluate a range of physical, mental, 
psychosocial, and shiftwork demands.  Nursing work is widely recognized as hazardous, as 
nurses experience relatively high rates of work-related injuries and decreased well-being 
compared to other types of health professionals. Yet, an understanding is lacking of the 
simultaneous, cumulative, and interacting exposures to different types of demands that nurses 
experience during work. This lack of information limits the design and implementation of 
potential system-based programs to improve nurse health, safety, and performance, as well as 
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patient safety. Results of their study confirmed that hospital nurses are exposed to a variety of 
demands and that the levels and types of demands vary between nurses, as well as within and 
between work shifts.  This work may help to guide more robust exposure assessment tools in 
nursing and the design of safety systems for this group of health professionals. 
 Milloy and Bubric (2018) also engaged nurses as critical, front-line users in their work on 
optimizing and standardizing a crash cart configuration used for responding to cardiac or 
respiratory arrest emergencies in clinical environments.  Their paper demonstrates how human 
factors can be used to inform and improve the design of this type of healthcare technology. 
Following an iterative, user-centered design process, nurses evaluated the usability of the new 
cart design and reported positive perceptions of usability and acceptance of the new design. 
The methods employed in this would can be used as a guide for other organizations. 
Two papers examined how system design features can impact task efficiency and 
performance.  In the first, Weiler et al. (2018) completed a laboratory simulation study to 
evaluate how exam room layouts, and particularly the configuration of computer equipment, 
impact providers’ efficiency, errors, patient-centeredness, and situation awareness during a 
simulated outpatient visit scenario.  A mobile computer set-up changed provider/patient 
interactions, decreased provider workload, and increased ratings of situation awareness, 
compared to a traditional exam room design with a fixed computer monitor and workstation.  In 
contrast to many of the papers in this issue, which focused on caregivers or direct patient care 
tasks, Xie et al. (2018) assessed how work system factors – such as the type of unit, patient or 
family member presence in the room, and interruptions – impacted the performance of 
environmental care associates during hospital patient room cleaning processes.  Their paper in 
particular highlights the range of personnel implicated in the design of the HCS; in this case, 
cleaners who play a critical role in infection control. 
Four papers applied a systems approach to the improvement of various parts of complex 
healthcare systems through the use of multidisciplinary teams including human factors, safety 
science, and systems engineering experts (Podtscaske et al., 2018; Bargal et al., 2018; Ibrahim 
Shire et al., 2018; Benda et al., 2018).  Podtschaske et al. (2018) demonstrated how a human-
centred design approach can be applied successfully at the organisational level in one US 
healthcare system. Their paper highlights the importance of running a program encompassing 
multiple models, methods, and stakeholders. These authors present two exemplar projects that 
focused on improving blood administration and cerebrospinal fluid drainage systems. Results 
from this work indicate that their organisation-wide endeavour led to the redesign of IT systems, 
medical devices, and nursing procedures, and led to improvements in both safety and 
efficiency. In a different systems approach, Bargal et al. (2018) applied one specific method – 
the Systems Theoretic Process Analysis (STPA) – to a specific project on an opioid prescribing 
process improvement in a US urban primary care clinic. This latter work identified 16 process 
improvement suggestions encompassing both technology and human elements, and highlights 
potential challenges that can occur when implementing some process changes without 
significant upper-level management support. 
 Two other papers using a systems approach highlighted the need for better staff 
workload management in healthcare and attempt to address the workload issue.  Ibrahim Shire 
et al. (2018) explored the potential of a system dynamics simulation approach to workload 
management of hospital pharmacy staffing levels. Their study demonstrates that system 
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dynamics can provide practical insights into staffing level management in a hospital pharmacy, 
by accounting for dynamic factors and trade-offs between dispensing backlog and errors. An 
interesting finding from their simulation-based scenario testing is that a flexible staffing level 
arrangement, which dynamically adjusts the number of staff to demand variability during winter 
pressure, was is less effective at reducing the amount of rework than maintaining an equivalent-
fixed staffing level. Finally, Benda et al. (2018) designed and tested a novel display for 
visualising and coordinating emergency medicine physician and nurse workload. They 
developed an algorithm conceptualising multiple drivers of ED clinician workload, and utilised 
real-time data passively aggregated from EHR to reflect patient-related factors in their workload 
visualisation. This study highlights the importance of involving a multidisciplinary team, including 
developers, informaticists, human factors experts, and users.    
 
While the summary shown in Table 1 suggests that no single study addresses all aspect of 
human factors and both human and system effects directly, it can be seen that, as a set, the 
research spans all of these dimensions.  There may be a lesson in this for researchers:  no one 
study can grasp all the complex issues in HCSs completely, and thus every study has 
limitations.  In particular though, the paucity of studies considering psychosocial factors seems 
to be a gap in this sample – a concerning absence if this is true of HCS engineering research in 
general.  Taken as a whole, however, the papers in this special issue demonstrate how multiple 
studies are contributing to a more complete and sophisticated understanding of how HSCs can 
be designed in ways that provide superior results, and that provide the best solutions for 
healthcare personnel and hence for patients.  There will always be a need to integrate results 
found from across a variety of studies to gain a more complete and sophisticated view of how to 
design safe, efficient, and effective healthcare systems.  Put another way, this analysis 
illustrates that the road to success is not the greatness of individual studies, but rather by 
establishing a broader cooperation providing united front to the challenges that face us in a 
global society. Researchers and decision makers working in this challenging area need to 
consider human factors broadly in the design of healthcare systems if they are to contribute to 
creating safe and efficient systems that meet the needs of system personnel, so they can 
provide efficient and high-quality care to patients. 
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Figure 1:  Chain of effects illustrating how HCS design and operational management decisions 
will determine HF demands on personnel, with cascading effects for both personnel and 
patients.  Resulting feedback cycles can be negative (vicious) or positive (virtuous). 
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Table 1:  Summary of the papers in the special issue and key features of each  
 Sub-System and Context Human Factor Aspect Studied Outcomes Studied 
Authors Sub-system / 
context 
HCS 
personnel 
type 
Organisationa
l factors 
Perceptual Cognitive Motor/physica
l 
Human (User) System 
(Patient - care 
quality) 
Doss et al. Patient 
handling 
Nursing 
students 
-  - Learning Posture - - 
MacDonald & 
Kier 
Chemo-
therapy 
Nurses, 
pharmacy 
assistants 
- - - Forces, 
Postures,EM
G 
Movements  
- - 
Arsenault 
Knudsen et al. 
Acute Care Nurses Shift-work 
 
Noise Mental 
workload 
 
Physical work 
Walk distance 
workload 
- - 
Milloy & 
Bubric 
Equipment 
(crash cart) 
Rural HCS - Labelling and 
clutter  
Error 
minimisation 
- - Patient safety 
Weiler et al. Equipment 
layout 
HC - 
provider 
- Screen 
sharing 
Info 
processing  
Postural 
aspects 
Perceived 
workload 
Efficiency 
Care Quality 
Xie et al. Hospital room 
cleaning 
Cleaning staff Work flow 
pattern,  
visitor 
patterns 
- interruptions - - Room 
cleanliness, 
duration 
Podtschaske 
et al. 
Safety  
process 
Cross-
functional 
team 
System 
design 
process 
(context 
dependent) 
(context 
dependent) 
(context 
dependent) 
(context 
dependent) 
 
System 
resilience, 
Patient safety  
Bargal et al. Opioid 
prescription  
Primary care 
HC providers 
& pharmacists 
Drug 
administration 
system 
- Feedback and 
control 
actions 
- Multiple 
actors in the 
system 
Patient Safety 
 
Ibrahim Shire 
et al. 
Hospital 
pharmacy 
pharmacists Staffing 
strategies 
-  Workload 
fatigue 
- Mental 
Fatigue 
Dispensing 
error and 
efficiency 
Benda et al. Emergency 
Room intake 
Physicians & 
nurses 
Patient 
assignment 
Teamwork  
Workload 
visualisation 
Workload 
conceptualisat
ion algorithm 
- Caregiver 
workloads 
- 
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